Abstract. Air pollution is a major environmental concern for many populations worldwide. Communication efforts so far have been based on a one-way provision of evidence and information from experts to society, and have arguably failed in their mission to foster a more aware and engaged society, or to result in cleaner air. Globally we are facing both an air quality crisis and a communication emergency. This paper focuses on the communication of air pollution risk, from the threats it poses (e.g. severe impacts to human health) to the opportunities it can create (e.g. behavioural or technological alternatives that lead to cleaner air). It supports the case for moving away from one-way communication, and identifies five key benefits of a practical two-way communication between experts and citizens in order to engender positive change and improve global air quality.
Introduction
According to the World Health Organization (WHO), 92 % of the world's population live in places that exceed the recommended annual mean concentrations of PM 2.5 (10 µg m 3 as established by WHO; WHO, 2016) . This exposure has been linked to cancer, asthma, stroke and heart disease, diabetes, obesity, and dementia, and it is causing about 3 million deaths per year globally (WHO, 2016) . Air pollution, however, is a constant and silent threat, that is not easily grasped without the help of visual or olfactory cues, such as smoke emanating from factories, car congestion in main roads within an urban centre, or an uncomfortable odour when standing next to a running car (Bickerstaff and Walker, 2001 ). This strong human component, where the citizen is "both a source and a victim" (Xu et al., 2017, p. 2) , turns air pollution into a social issue, not just a scientific one. On the one hand, citizens need to understand the effects of air pollution on human health, as well as when and how to follow protective behaviours. On the other hand, citizens need to be aware of their contribution to air pollution and the mitigating behaviours already available to them, so that they can participate in the co-design of new alternatives that lead towards cleaner air. The severity of the threat that air pollution is posing worldwide, together with inaction and lack of engagement, can be described as a "communication emergency" (Priest, 2016 ). It appears then, that communication is key in bringing society up to speed with the problem that air pollution is posing worldwide. This paper is concerned with communication of the threats and opportunities of air pollution risk (conforming with the definition of risk stablished by ISO 31000:2018, a set of principles and guidelines for risk management codified by the International Organization for Standardization); it reflects on the need to move away from one-way provision of information from experts to society and towards two-way dialogue, and stablishes five benefits to be gained from this dialogical approach, identifying it as a vehicle for communicating awareness and facilitating change.
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M. Loroño-Leturiondo et al.: Reasons for two-way communication between experts and citizens vacuum in the scientifically illiterate general public" with the information they believe to be relevant (Miller, 2001, p. 116) . A one-way approach to communication, however, is unlikely to bring about the change needed to tackle air pollution, because it fails to consider a series of factors that are key determinants of the way people perceive and react to information.
The amount of information required to relate to a topic in a meaningful way varies from one individual to another. People rarely seek "all the science available"; rather, they want "enough" as to be able to "make up their minds about an issue" (Priest, 2016, p. 5) . Sufficient information for one individual will not be enough for another, and information that exceeds or does not reach this threshold is unlikely to be effective. In other words, there is not a one-size-fits-all package of information able to engage society as a whole in regards to cleaner air. In addition to the amount of information individuals need, the way this information is presented will also have an impact on how it is perceived and taken on board. The complexity of the topic, the technicality of the information, and the framing of the message have all been proven to influence the successfulness of communication, and these too are subject to individual differences (Bickerstaff, 2004; Burningham et al., 2008; Cacciatore et al., 2016) .
Indeed, even if a message sent through one-way communication had "enough" amount of information, the appropriate amount of complexity and jargon, and was framed in a suitable way, it would still ignore "the significant role of the environment and the individual as critical determinants of that information's use" (Longnecker, 2016, p. 4) . Individuals are not passive receivers of information, ready to absorb and act upon the information received; they have beliefs, values, needs, and previous experiences that will influence, not only the way the information is processed, but also the consequent action (or inaction) it triggers (Harre, 2011; Longnecker, 2016) . Together with the individual, the environment in which individuals are embedded is also a critical determinant of how information is acted upon (Longnecker, 2016) . The norms that govern communities, as well as what others think, have proven to influence an individual's behaviour (Cacciatore et al., 2016; Longnecker, 2016; Priest, 2016) , and information that does not fit or goes against these external factors is consequently likely to be discarded.
The source of the information is another factor that influences how it is perceived and assessed (Rogers, 2003) . "It is not just the message but the messenger, then, that matters" (Priest, 2016, p. 56) , and lack of trust in a source, such as the government, the media, or scientists, has proven to affect responsiveness to the message (Bickerstaff, 2004; Bultitude, 2011; Goodwin and Dahlstrom, 2014) . Mere provision of evidence and information by a source perceived to be untrustworthy is unlikely to be effective. For instance, a lack of trust in the government can affect how people perceive policies in relation to climate change (Priest, 2016) , or air pollution.
Finally, people reject information that goes against deeply held beliefs or that completely challenges their own lifestyles -a tendency known as "cognitive dissonance" (Festinger, 1962; Lorenzoni et al., 2007; Priest, 2016) . The fact that one's lifestyle is actually a root cause of air pollution, and consequently one has to modify established behaviours, is not easily accepted. Although individuals might not necessarily deny their contribution to air pollution, they are likely to take refuge in day-to-day obligations and priorities. Merely providing evidence is, therefore, unlikely to overcome this issue (Priest, 2016) .
The case for two-way communication
Two-way communication involves two or more "communicators" who both send and receive information (Bowater and Yeoman, 2012) , moving away from the linear model of communication comprising the figures of a "sender" and a "receiver" (Shannon and Weaver, 1998) . In contrast to the "deficit" model, the "dialogue" model highlights that "while scientists may have scientific facts at their disposal, the members of the public concerned have local knowledge and an understanding of, and personal interest in, the problems to be solved" (Miller, 2001, p. 117) . It highlights the need to explore the identities and social norms of different groups in society, as well as the importance of acknowledging the existence of "many publics", in contrast to what the old model referred to as "the public" (Priest, 2016) . Here we present five key benefits of two-way communication between the public and experts in relation to air pollution risk. These benefits will increase the likelihood of engendering positive changewhether this is tied to mitigation and adaptation behaviours in the polluter, or protective behaviours in those suffering from pollution -and improving global air quality.
Firstly, two-way communication can improve technology and policy development in relation to air pollution. Tackling the issue of air pollution involves the development of new technology (such as hydrogen fuel cells or electric cars) for which societal acceptance is needed at the development and regulatory phases (Wilsdon and Willis, 2004) . Similarly, new policy solutions are needed that can drive societies towards cleaner air, for which citizen involvement would be translated into better and more robust policy and funding decisions. The "Australian Climate Policy Forum", for example, composed of experts and twenty four citizens holding different views about carbon pricing, was created to evaluate the current governments' efforts and future directions of the emissions mitigation strategy, where citizens were invited to "jointly articulate criteria for a preferred carbon pricing policy" (Lo et al., 2013, p. 7) . Although at the start of the forum there was a lack of consensus, the group agreed to support the notion of a carbon tax, as long as the implementation would rest on trusted and transparent administrative mechanisms. The key for finding consensus was to overcome trust issues in relation to the collection and management of the funds collected in the case of the implementation of a carbon tax (Lo et al., 2013) . In a different forum in Kenya, the discussion evolved around measurements to reduce air pollution at the individual and community level. As a result, the group proposed a series of well-defined actions that the government could take, such as removing old vehicles that were not properly maintained from the roads, due to their significant contribution to the air pollution problem (Ngo et al., 2017) .
Secondly, beyond exploring individuals' needs and aspirations in relation to policy and scientific or technological developments, two-way communication can easily gather additional data on air pollution. Citizen science initiatives, which are gaining prominence at an increasing rate, are designed to actively involve citizens in "collecting, generating, and analysing data" (Illingworth and Allen, 2016, 5-12) . These encounters allow citizens to gather knowledge or data that would be impossible to collect on their own in terms of quantity and accessibility. A citizen science project measuring exposure to the Deepwater oil spill had citizens contributing with information of what they saw and smelt. This project explains how an aggregation of citizens can detect "a broader range of impacts", such as "smells, smoke, and other potential risk factors", and these data may then be employed to "shape the conduct of political decision-making and/or the development of expert science" (McCormick, 2012 ). Another relevant example is the Air Quality Egg project, in which citizens -using an egg-shaped device -measure air pollution levels in their surroundings, upload them to the internet, and compare pollution levels recorded by other eggs elsewhere. The Air Quality Egg project is a communityled initiative that facilitates participation in the conversation about air quality (Muller et al., 2015) .
Thirdly, this dialogical approach found in citizen science initiatives, and in citizen participation in a broader sense, raises the levels of awareness of, and engagement in, air pollution reduction of the people involved. For instance, a project involving citizens in air monitoring campaigns in four European cities (Antwerp, Kassel, London, and Turin), concludes that "the most effective way of producing a change is involving the citizens themselves in monitoring campaigns" (Sîrbu et al., 2015) . A different example in Kenya, involving women in air pollution measurements and further discussion with experts, also concludes that "participation in conducting and interpreting air quality studies helped residents improve their understanding of air pollution and also helped them develop responses to it" (Ngo et al., 2017, p. 177) . A reduction in the discrepancy between real and perceive levels of air pollution after participating in monitoring campaigns, as well as a more accurate identification of air pollution sources are some examples of the ways in which active participation is able to change levels of awareness (e.g. Ngo et al., 2017; Sîrbu et al., 2015) . Examples of behavioural change as a result of active participation are different actions in which residents get involved to reduce the impacts that air pollution causes to them and their communities, such as planting trees, avoiding pollution areas or sources, or switching to clean cook stoves (e.g. Ngo et al., 2017) . The positive outcomes of citizen science, and citizen participation more broadly, have been attributed to the capacity to promote place-based learning. This means that individuals are able to relate scientific information to their communities, making it more comprehensible and relevant (Groulx et al., 2017) . Additionally, participants develop stronger ties to their surrounding environment, which is in turn translated into a more intense feeling of caring about an issue, such as clean air for their community. Furthermore, participants also create social bonds with experts, and other people in their community, which then results in more regular participation and more meaningful involvement with an issue (Groulx et al., 2017) .
Fourthly, two-way communication can help provide a better emergency response to an air pollution crisis. In such a crisis, like the Southeast Asian Haze in 2013, both experts and affected populations have valuable information that can help provide a more accurate response. If the experts can send out warnings and information on how to behave that are valuable to the public and will improve their course of action (e.g. staying indoors or limiting outdoor physical activity), citizens can contribute with on-the-ground experiences or information about their physical and psychological wellbeing. As explained in the Southeast Asian Haze example, this "is important in assessing how the population is coping and responding thus far to the crisis" and in providing better support tailored to that information (Zhang et al., 2014) .
Fifthly, two-way communication can improve trust between citizens and professionals working with air pollution. On some occasions, when experts and the public work sideby-side, either in citizen science projects or in deliberative encounters, they inevitably increase their levels of trust in one another, which in turn encourages further dialogue and more effective communication in general. As trust, after all, is about being able to relate to the other person (Corner et al., 2018) . A community forum organized in Kenya to discuss air quality and its health impacts, concluded that "involving local people and discussing the scientific data, as opposed to simply reporting measurements done by academics alone, helped generate trust" (Ngo et al., 2017, p. 181) . In other words, if it is commonplace that citizens tend to question the interests of governments in relation to air pollution and environmental management, the climate of distrust is more prominent in those segments of the population that are more economically and socially disadvantaged and that are more disconnected from the decision-making process. This reinforces the fact that proximity and dialogue between these two groups can be understood as trust restorative tools (Bickerstaff, 2004; Walker et al., 1998) .
Two-way communication in relation to air pollution risk can take many shapes as it is being carried out through multiple innovative formats. Social media, for instance, can be used in relation to an incident, such as the aforementioned air pollution crisis (e.g. Zhang et al., 2014) , as well as to raise awareness and discuss what measures individuals can implement in their day-to-day activities (e.g. Kay et al., 2015) . The effectiveness of social media relies, on the one hand, on that it allows dealing with the immediacy coupled to a crisis event; and on the other hand, on the horizontal lines of interaction between members of the public encouraging different voices to be heard. Educational programmes and serious games, for example, can also be employed to raise awareness of how our actions are contributing to air pollution and what adaptation and mitigation behaviours are already available, as well as to foster more technical knowledge, such as deeper understanding of city development problems leading to pollution. The effectiveness of these two formats relies on the binomial fun and knowledge combination, which is often achieved by incorporating gamification elements, rich visualizations, or hands-on activities. Citizen science initiatives too can contribute to increasing levels of awareness. The effectiveness of this format relies on active learning and on having hands-on activities, such as the aforementioned case in which participants were involved in taking measurements of personal exposures to air pollution. In turn, the large amount of data recorded by multiple individuals in citizens science initiatives, contributes to advancing knowledge as this data could otherwise not be collected by experts alone (e.g. Sîrbu et al., 2015) . Discussion forums -in which experts and citizens meet face-to-face and spend extended periods of time discussing an issue in-depth -can be employed for them to work together towards the formation of policies, as well as to develop scientific and technological expert knowledge that, by exploring and integrating local and experiential knowledge, becomes more relevant at the local scale (e.g. Whatmore and Landström, 2011) . Finally, poetry can be employed to foster positive change at the community level, to facilitate discussion between experts and the public, and most importantly, to invite communities that often find themselves neglected to participate in dialogues and debates about issues such as air pollution (Illingworth and Jack, 2018) . The intrinsic characteristics of these formats show that the different benefits or outcomes obtained from two-way communication appear to be tied to specific communication formats.
Two-way communication varies in the degree of engagement and bidirectionality it allows, as well as in how much control are experts willing to cede. The varying degrees of engagement have been explained with the metaphor of a ladder (Arnstein, 1969) from lower rungs aiming at mining citizens' knowledge, to higher rungs granting citizen control. Engagement will not always be an equal partnership in which the public is involved from the early stages, is encouraged to deliberate jointly with the experts, in which both agendas are pushed equally, and there is the goal of reaching consensus. This would be the ultimate form of engagement aiming to "improve the quality of decision-making, to create more socially robust scientific and technological solutions" (Wilsdon and Willis, 2004, p. 39) . Sometimes these dialogues may only seek citizens' opinions and explore different views of, for instance, a new technology or a new policy. Although this latter form of dialogue -which has been subject to criticism -is less than optimal as it can be seen as an appeasement (Arnstein, 1969) , or as an instrument of governments and companies to be able to "sell" their developments and policies better (Wilsdon and Willis, 2004) , it can also be seen as a step closer to citizen participation in which individuals and their environments are explored and taken into consideration.
Conclusion
In order to maximize the chances of communication of hazards in general and of air pollution in particular being effective in fostering more aware and engaged citizens, communication must go beyond a one-way provision of information. Effective communication requires consideration of the amount of information that is necessary, as well as the language and framing of the message itself, all of which are subject to individual differences. It has to explore the inner world of the individual, as well as the environment in which it is embedded. Additionally, communication needs to overcome trust issues. A dialogical approach offers the opportunity and mechanism to do this, and it is therefore much more likely to be both effective and efficient.
We suggest here that air pollution experts should consider two-way forms of communication and explore the benefits that a dialogical approach can offer. For a scientist, a policymaker, or a member of the emergency services, engaging with citizens can translate into more relevant and robust outcomes, whether these are scientific advancements, technologies, policies, or crisis responses. Two-way communication in relation to air pollution has (at least) five benefits: (i) it can facilitate the formation of policies, as well as scientific and technological developments that are more relevant for society; (ii) it can help complement data gathered by experts; (iii) it can improve societal awareness and encourage necessary protective and mitigation behaviour; (iv) it can offer a more accurate response to a crisis; and finally, (v) it can improve levels of trust between public and experts. All of these benefits are essential if the air pollution challenge faced locally and globally today are to be successfully tackled.
Despite the clear benefits, effective two-way communication is a challenge and there are still important questions to be addressed. Further research should have a greater focus on processes -rather than outcomes. That is, on understanding how positive experiences can be granted for everybody involved so that participation and dialogue are seen as something enjoyable and worth devoting time to. In relation to this, further research should also investigate how experts as well as members of the public can engage in these timeconsuming initiatives when they are already faced with too many demands on their time. Finally, further research should also explore if, and how, these encounters are developed differently when they are initiated by experts or by members of the public, and how their status, priorities, knowledge, etc. impose on the dynamics and dialogues these encounters elicit.
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